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(54) Radiant heating apparatus and method 

(57) In a radiant heating apparatus, at least an outer 
radiant heating unit and an inner radiant heating unit lo- 
cated inside the outer radiant heating unit are disposed. 
A peripheral portion of an article to be treated is mainly 
heated by the outer radiant heating unit, while a central 
portion of the article is mainly heated by the internal ra- 
diant heating unit. A partition wall is disposed between 



the outer and inner radiant heating units. Radiation light 
emitted by each radiant heating unit is reflected by the 
partition wall so that the radiation light is separated from 
that emitted by the other radiant heating unit, whereby 
an area is defined in which the article is heated by each 
radiant heating unit. Accordingly a larger article, partic- 
ularly a substrate-shaped article, can be heated uni- 
formly. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention: 5 

The present invention relates to a radiant heating 
apparatus and method for heating an article to be treat- 
ed or processed., and more particularly to a radiant heat- 
ing apparatus and method which can heat uniformly a 10 
large article such as a semiconductor or quartz glass 
substrate having a large size or diameter in various 
kinds of processes in which the article is subjected to, 
for example, heat treatment, film growth by CVD or epi- 
taxial growth, or a like process. 15 

Description of the Related Art: 

Recently, associated with a considerable increase 
in the degree of integration of a semiconductor circuit, 20 
the area of one device chip has increased. As a result, 
the diameter of a semiconductor substrate which serves 
as a base material has become increasingly larger. In 
the case where devices are formed on such a semicon- 
ductor substrate, a heating apparatus or the like, which 25 
carries out various heat treatments for a quartz sub- 
strate used as a photomask or a semiconductor sub- 
strate ; inevitably increases due to an increase in the size 
of the semiconductor substrate. 

As a result of an increase in the size of the semi- 30 
conductor substrate, the quartz substrate, or peripheral 
members such as a heating apparatus, a temperature 
distribution inevitably arises when an article to be treat- 
ed is subjected to various kinds of heat treatments. This 
makes it difficult to uniformly heat the article to be treat- 35 
ed. 

For example, if an article such as a semiconductor 
substrate is uniformly heated, formation of a slip dislo- 
cation, variation in the thickness of a grown film, or var- 
ious types of degradation of electrical characteristics 
may occur. As a result, the yield of device chips formed 
from one semiconductor substrate is considerably de- 
graded. 

For example, presently the dominant diameter of a 
semiconductor silicon substrate is in the course of shift- -ts 
ing from 150 mm to 200 mm. The future shift of the di- 
ameter to 300 mm or more is regarded to be inevitable. 
In the thermal treatment of a substrate having such a 
large diameter, further deterioration of the temperature 
distribution within the plane of the substrate is expected, so 
There is a demand for a heating apparatus and method 
capable of uniformly heating a semiconductor substrate, 
an article to be treated. 

SUMMARY OF THE INVENTION $5 

The present invention has been conceived in view 
of the previously-described drawbacks. An object of the 



present invention is to provide a radiant heating appa- 
ratus and method which can uniformly heat a larger ar- 
ticle to be treated, particularly a substrate-shaped arti- 
cle, such as a semiconductor or quartz glass substrate 
having a large diameter or size. 

To achieve the above object, the present invention 
provides an improved radiant heating apparatus which 
uses a plurality of radiant heating units to heat an article 
to be treated. The radiant heating apparatus includes a 
partition wall for separating radiant light emitted by each 
radiant heating unit from that emitted by the other radi- 
ant heating unit(s) so as to define an area in which the 
article to be treated is heated by each radiant heating 
unit. 

Preferably, the partition wall is disposed between 
radiant heating units and extending towards the article 
to be treated. 

Preferably, the partition wall is separated at a pre- 
determined distance from the article to be treated, so 
that the temperature distribution in the article becomes 
uniform. More preferably, the surface of the partition wall 
of the present invention is mirror-finished. Further the 
mirror-finished surface of the partition wall is preferably 
coated with gold. 

Preferably, the partition wall is disposed on the side 
corresponding to the main face of the article to be treat- 
ed and/or the side corresponding to the reverse face of 
the article. 

The present invention also provides an improved 
radiant heating method which uses at least an outer 
heating unit and an inner heating unit located inside the 
outer radiant heating unit. In the radiant heating method, 
the peripheral portion of an article to be treated is mainly 
heated by the outer radiant heating unit, while the cen- 
tral portion of the article to be treated is mainly heated 
by the internal radiant heating unit. Radiation light emit- 
ted by each radiant heating unit is reflected by a partition 
wall so that the radiation light is separated from that 
emitted by the other radiant heating unit so as to define 
an area in which the article to be treated is heated by 
each radiant heating unit. Preferably, the radiant inten- 
sities of the outer and inner heating units are controlled 
independently of each other 

Preferably, the main face of the article to be treated 
is heated by the inner and outer-radiant heating units 
disposed on the side corresponding to the main face of 
the article, while the reverse face of the article is heated 
by a lower radiant heating unit disposed on the side cor- 
responding to the reverse face of the article. 

Alternatively, the main face of the article to be treat- 
ed is heated by the outer radiant heating unit disposed 
on the side corresponding to the main face of the article, 
while the reverse face of the article is heated by the low- 
er radiant heating unit disposed on the side correspond- 
ing to reverse face of the article to be treated. 

Preferably, the article to be treated is a silicon 
monocrystalline substrate, and a part of the reverse face 
and/or the side surface of the substrate is supported dur- 
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ing treatment. 

In the radiant heating apparatus and method of the 
present invention, the partition wall separates radiant 
light emitted by each radiant heating unit from that by 
the other radiant heating unit(s) so as to define an area 
in which an article to be treated is heated by each radiant 
heating unit. The outer radiant heating unit heats mainly 
the peripheral portion of the article, and the inner radiant 
heating unit heats mainly the central portion of the arti- 
cle. The partition wall separates and reflects the radiant 
light emitted from each radiant heating unit, as a result 
of which the area in which the article is heated by each 
radiant heating unit is defined. Accordingly, it is possible 
to easily and uniformly heat the article to be treated, 
without increasing the size of the radiant heating appa- 
ratus, through combined use of the radiant heating units 
and through independent adjustment and control of the 
radiation intensities. 

A future further increase in the diameter of a wafer 
will make it more difficult to carry out heat treatment 
through uniform heating of the wafer. Therefore, the ra- 
diant heating apparatus of the present invention is very 
valuable for use in various kinds of heat treatment proc- 
esses for a semiconductor substrate, CVD growth, epi- 
taxial growth, and like processes. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic cross-sectional view showing 
an embodiment of a radiant heating apparatus of 
the present invention; 

FIGS. 2A - 2C are graphs showing the results of 
measurement of temperature distribution on a sili- 
con wafer after the silicon wafer has been heated 
by each of radiant heating units, wherein FIG. 2A 
shows temperature distributions obtained when the 
silicon wafer was heated by the inner radiant heat- 
ing unit only, FIG. 2B shows temperature distribu- 
tions obtained when the silicon wafer was heated 
by the outer radiant heating unit only, and FIG. 2C 
shows temperature distributions obtained when the 
silicon wafer was heated by lower radiant heating 
unit only; 

FIG. 3 is a graph showing the results of measure- 
ment of inplane temperature distribution of a wafer 
obtained when the wafer was heated by combined 
use of the outer radiant heating unit and the lower 
radiant heating unit; and 

FIG. 4 is a graph showing the results of measure- 
ment of temperature distribution on a silicon wafer 
obtained when the wafer was heated by the outer 
radiant heating unit only in a state in which the par- 
tition wall was removed from the radiant heating ap- 
paratus shown in FIG. 1 . 
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DESCRIPTION OF THE INVENTION AND 
PREFERRED EMBODIMENT THEREOF 

The present invention will now be described here- 

s inbelow in more detail. 

An apparatus as disclosed in, e.g., Japanese Pat- 
ent Publication (kokoku) No. 7-99737 has already been 
known as a radiant heating apparatus for use in carrying 
out various heat treatments, CVD film growth, epitaxial 

10 growth, or the like for an article to be treated. In the ap- 
paratus, a semiconductor substrate, which is an article 
to be treated, is held in a domed reaction vessel, while 
a gas is introduced into the reaction vessel. The article 
is heated by a plurality of radiant heating units disposed 

15 outside the reaction vessel, whereby the article can be 
subjected to a desired treatment. 

In the apparatus, the radiant heating units that act 
as a source of heat are disposed on the upper and lower 
sides of the article to be treated. On each side, lamps 

20 that constitute the corresponding radiant heating unit or 
units are arranged into two or more concentric circles. 
The radiation intensities of the outer and inner radiant 
heating units disposed on the upper side can be inde- 
pendently adjusted and controlled. As a result, it is pos- 

25 sible for the article to be treated to have a uniform tem- 
perature distribution in the radial direction. 

As a result of various experimental studies carried 
out by the inventors of the present invention, it was 
found that it was difficult to uniformize the inplane tem- 

30 perature distribution of the article to be treated in such 
a radiation heating unit. Particularly in the case where 
a large substrate having a diameter of more than 300 
mm is thermally treated as the article to be treated, a 
tendency was found in which the temperature increased 

35 at the central portion of the article and decreased at the 
peripheral portion of the article. 

The details of this phenomenon are not necessarily 
evident. However, in the case of radiant heating, emis- 
sion of radiant light acts as a source of heat, and the 

40 article to be treated is disposed in an atmosphere sur- 
rounded by the reaction vessel. However, the radiant 
light is scattered by reflection or the like and, hence, is 
apt to concentrate at the central portion of the reaction 
vessel. Further, if radiant lamps are arranged in a circu- 

45 jar pattern, the radiant light becomes more apt to con- 
centrate at the central portion of the circular pattern to 
a much greater extent. Even if the radiant heating units 
are divided into an outer layout and an inner layout, the 
temperature distribution of each radiant heating unit 

50 solely increases the temperature of the central portion 
of the article to be treated. Therefore, even if the radia- 
tion intensity of each radiant heating unit is adjusted and 
controlled independently, it is impossible to uniformize 
the inplane temperature distribution of the article to be 

55 treated. More specifically, a sufficient amount of radiant 
light does not impinge on the peripheral portion of the 
article to be treated. For this reason, the temperature of 
the periphery decreases, whereas the temperature of 
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the center increases. 

Therefore : in the conventional radiant heating ap- 
paratus, the positions of the radiant heating units are 
changed, or the number of radiant heating units is in- 
creased meaninglessly, thereby resulting in a complicat- 5 
ed or bulky apparatus. However in actuality, it is difficult 
to sufficiently increase the temperature of the peripheral 
portion of the article to be treated so as to uniformize 
the temperature distribution. 

The inventors of the present invention worked on 10 
the development of a radiant heating apparatus capable 
of actually and easily increasing the temperature of the 
peripheral portion of the article to be treated without in- 
creasing the size of the apparatus, and eventually com- 
pleted the apparatus. is 

Next: a preferred embodiment of the present inven- 
tion will be described with reference to the drawings. 

FIG. 1 is a schematic cross-sectional view showing 
the embodiment of a radiant heating apparatus of the 
present invention. 20 

In the radiant heating apparatus 1 shown in FIG. 1 , 
an article to be treated 3 such as a semiconductor sub- 
strate is disposed at the center or its vicinity of a reaction 
vessel 2 made of ; e.g.. transparent quartz, and energy 
of radiant light from radiant heating units 4, 5 and 6 pro- 25 
vided outside the reaction vessel 2 is irradiated on the 
article 3 for heat treatment. 

The reaction vessel 2 is contained in a housing 8> 
and : depending on its purpose, can be formed into var- 
ious shapes such as a cylindrical or tubular shape. In 30 
the present embodiment, the reaction vessel 2 is formed 
into a hollow disk shape. The reaction vessel 2 has a 
structure such that it can be split in a vertical direction 
at an unillustrated flanged portion thereof by an unillus- 
trated drive section, whereby the article 3 can be loaded 35 
into and unloaded from the reaction vessel. 

Various kinds of articles are subjected to heat treat- 
ment in different manners according to the purpose of 
the heat treatment. Examples of such articles include 
semiconductor silicon substrates: compound semicon- 40 
ductor substrates such as GaAs, GaP, or InP; and syn- 
thetic quartz substrates. These substrates are usually 
formed into a thin plate-like shape. The article to be 
treated 3 is held at the center or its vicinity of the reaction 
vessel 2 by, e.g., quartz pins 7. A method of holding the +s 
article to be treated 3 is not limited to supporting of the 
article to be treated by the quartz pins: the article to be 
treated may be retained by use of so-called quartz sus- 
ceptors, silicon carbide susceptors, susceptors which 
are made of the same material as that of the article to so 
be treated, or ceramics susceptors which do not turn into 
impurities during treatment. In order to increase the ef- 
ficiency in heating the reverse face of the article to be 
treated, the article is preferably disposed in the radiant 
heating apparatus in a state in which a part of the re- ss 
verse face and/or side surface of the substrate is sup- 
ported. 

The article to be treated 3 is subjected to so-called 
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single wafer processing in which substrates are treated 
one by one. However, the plurality of articles to be treat- 
ed 3 may be treated at one time. In this case, the "article 
to be treated" used in claims of the present invention 
represents a group of articles to be treated at one time. 

The radiant heating units are disposed above and 
below the article to be treated 3. Within each radiant 
heating unit, radiant lamps are arranged in a circular pat- 
tern. Examples of the radiant lamps include infrared 
lamps and halogen lamps. In the present embodiment, 
infrared lamps are adopted. The radiant lamps on the 
side corresponding to the main face (the upper face) of 
the article to be treated 3 are arranged in a double-circle 
pattern. As a result, there are formed an inner radiant 
heating unit 4 for mainly increasing the temperature of 
the central portion of the article and an outer radiant 
heating unit 5 for mainly increasing the temperature of 
the peripheral portion of the article. The radiation inten- 
sities of the inner and outer- radiant heating units 4 and 
'5 can be controlled independently of each other. A cy? 
lindrical partition wall 10 is disposed between the inner 
radiant heating unit 4 and the outer radiant heating unit 
5 so as to isolate these heating units from each other. 

The shape of the partition wall 1 0 may be arbitrarily 
determined in accordance with the layout and shape of 
the radiant heating units, so long as the partition wall 1 0 
can separate and isolate, from other radiant heating 
units, at least the outer radiant heating unit 5 which 
mainly increases the temperature of the peripheral por- 
tion of the article to be treated. The partition wall 1 0 may 
be formed into various shapes. The material of the par- 
tition wall 1 0 is not specifically limited so long as the ma- 
terial is opaque with respect to the light from radiant 
lamps used in the radiant heating apparatus and the per- 
formance thereof does not deteriorate due to high tem- 
peratures. For example, metals such as copper, nickel, 
or iron can be used as the material of the partition wall. 
The surface of the partition wall is preferably be mirror- 
finished by being plated with gold, etc. Taking account 
of the fact that the source of heat is radiant heating, the 
surface of the partition wall is finished into a mirror sur- 
face, so that the directionality of radiant light can be in- 
creased, and a desired temperature distribution can be 
obtained. 

Portions of the interior surface of the housing 8 in 
the vicinity of the radiant heating units 4, 5, and 6 are- 
mirror-finished? whereby the directionality of light toward 
the article to be treated is improved. Each radiant lanjp 
is compulsively cooled by air and the inner surface of 
the housing 8, which faces the lamps, is also cooled by 
air, and in addition, the housing itself is cooled by cooling 
water. 

The lower radiant heating unit 6 for increasing the 
overall temperature of the article to be treated is dis- 
posed on the side corresponding to the reverse face (i. 
e., the lower face) of the article to be treated 3. The ra- 
diation intensities of the inner radiant heating unit 4 and 
the outer radiant heating unit 5 can be controlled inde- 
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pendently of each other. In the present embodiment, on- 
ly the lower radiant heating unit 6 is disposed below the 
article to be treated. Accordingly, it is not necessary to 
dispose a partition wall on the lower side of the article 
to be treated. However, as on the upper side, two circu- 
lar radiant heating units may be disposed in a concentric 
manner below the article, and a partition wall may be 
disposed such that the outer radiant heating unit in- 
creases the temperature of the peripheral portion of the 
article to be treated 3. 

The layout of the lamps that constitute each radiant 
heating unit is not limited to the previously-described cir- 
cular pattern. Any suitable pattern may be selected in 
accordance with the shape of the article to be treated 
and the shape of the reaction vessel. For instance, the 
lamps may be uniformly arranged over the entire sur- 
face of the article to be treated or may be arranged into 
an angular pattern. Further even in the case where the 
lamps of the radiant heating units are arranged into a 
circular pattern, they may be arranged to form three or 
more concentric circles. 

The action of the radiant heating apparatus of the 
present invention shown in FIG. 1 for uniformly heating 
an article to be treated will be described with reference 
to the case where the article to be treated 3 is a silicon 
wafer having a diameter of 300 mm, on which an epi- 
taxial layer is grown. 

The silicon wafer is held on quartz pins substantially 
at the center of the reaction vessel 2 made of transpar- 
ent quartz. While chrolo-silane and hydrogen are intro- 
duced into the reaction vessel 2 as reaction gas and car- 
rier gas, respectively, the silicon wafer is heated to about 
800 to 1200 °C using the radiant heating units 4, 5, and 
6. As a result, an epitaxial layer of monocrystalline sili- 
con can be grown on the wafer. 

In this case, the inner radiant heating unit 4 and the 
outer radiant heating unit 5 are separately shielded from 
each other by the cylindrical partition wall 10 which is 
made of copper, is plated with gold, and has its surface 
mirror-finished. Radiant light emitted from the inner ra- 
diant heating unit 4 directly heats the central portion of 
the silicon wafer. Further, the radiant light is reflected 
from the interior surface of the gold-plated partition wall 
1 0, as a result of which the majority of the reflected light 
also illuminates and heats the central portion of the sil- 
icon wafer. In short, as a result of the heating action of 
the inner radiant heating unit 4, temperature gradient 
and distribution are obtained in which mainly the tem- 
perature of the central portion of the article to be treated 
becomes high; namely, the temperature of the central 
portion of the wafer is high, whereas the temperature of 
the peripheral portion of the wafer is low. 

In contrast, the radiant light emanated from the out- 
er radiant heating unit 5 directly heats the peripheral por- 
tion of the silicon wafer. Further, the radiant light is re- 
flected from the exterior of the gold-plated partition wall 
10 and the interior wall surface of the housing 8. The 
majority of the reflected light illuminates the peripheral 
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portion of the silicon wafer. As a result, the radiant light 
is prevented from scattering to the central portion of the 
wafer. In short, as a result of the heating action of the 
outer radiant heating unit 5, temperature gradient and 

s distribution are obtained in which mainly the tempera- 
ture of the peripheral portion of the article to be treated 
becomes high; namely, the temperature of the periph- 
eral portion of the wafer is high, whereas the tempera- 
ture of the central portion of the wafer is low. 

10 The combination of the inner radiant heating unit 4 
and the outer radiant heating unit 5, whose radiation in- 
tensities are controlled independently of each other, 
makes it possible to separately adjust and control the 
radiation intensities of light at the center portion and pe- 

75 ripheral portion of the wafer. As a result, it becomes pos- 
sible to uniformly heat a silicon wafer having a diameter 
equal to or greater than 300 mm. In other words, indi- 
vidual single radiant heating unit intentionally and locally 
provides a temperature gradient. By combination of 

20 such radiant heating units, and by independent adjust- 
ment and control of the power of each radiant heating 
unit, the article to be treated can be uniformly heated. 

The partition wall 10 is intended to define the re- 
spective areas heated by the inner and outer radiant 

2S heating units by separating the radiant light from one of 
the heating units from the radiant light from the other. 
However, for example, if the radiant light emitted from 
the inner radiant heating unit is completely isolated from 
the radiant light from the outer radiant heating unit by 

30 means of the partition wall 1 0 such that the radiant light 
emitted from the inner radiant heating unit is completely 
prevented from illuminating the peripheral portion of the 
article to be treated 3, and the radiant light emitted from 
the outer radiant heating unit is completely prevented 

35 from illuminating the central portion of the article to be 
treated 3, a temperature distribution on the article to be 
treated 3 in the vicinity of the partition wall 10 becomes 
uneven. 

To prevent this problem, a predetermined distance 
40 is ensured between the partition wall 10 and the article 
to be treated 3 so that the peripheral portion of the article 
to be treated 3 can be slightly heated by the radiant light 
emitted from the inner radiant heating unit and the cen- 
tral portion of the article to be treated 3 can be slightly 
45 heated by the radiant light emitted from the outer radiant 
heating unit. As a result, the temperature distribution on 
the article to be treated 3 becomes uniform. In the 
present embodiment, it was acknowledged that the tem- 
perature distribution on the silicon wafer 3 became uni- 
50 form when the distance between the lower edge of the 
partition wall 10 and the silicon wafer 3 was set to 30 to 
40 mm. 

In this case, since the lower radiant heating unit 6 
is not provided with a partition wall, the radiant light is 
55 reflected and scattered, as a result of which the entire 
silicon wafer is heated. As previously described, the ra- 
diant light is apt to concentrate at the central portion of 
the article to be treated. Consequently, the temperature 
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of the central portion of the article to be treated becomes 
high. However the area in which the radiant light illumi- 
nates the article to be treated is not defined by the par- 
tition wall, and therefore a resultant temperature gradi- 
ent becomes milder than that produced by the inner ra- 
diant heating unit 4. Accordingly, for the purpose of uni- 
formly heating the silicon wafer which is the article to be 
treated, the heating carried out by the lower radiant 
heating unit 6 is not necessarily required. However the 
heating action of the lower radiant heating unit 6 con- 
tributes to a quick increase in the temperature of the ar- 
ticle to be treated to a desired temperature and a stable 
heating operation. In addition, the heating carried out by 
the lower radiant heating unit 6 is required when a high- 
temperature heat treatment is carried out. 

In consequence, combination of the radiant heating 
units which enables uniform heating of the article to be 
treated in the present embodiment is not limited solely 
to the combination of the inner radiant heating unit 4 and 
the outer radiant heating unit 5, and also includes com- 
bination of the outer radiant heating unit 5 and the lower 
radiant heating unit 6, and to combination of the inner 
radiant heating unit 4, the outer radiant heating unit 5, 
and the lower radiant heating unit 6. 

EXAMPLES 



tral portion and peripheral portion of the silicon wafer 
became large. In short, the heating action made it pos- 
sible to heat the central portion of the silicon wafer in a 
concentrated manner (FIG. 2A). In contrast, the heating 
5 action carried out solely by the outer radiant heating unit 
5 resulted in an increase in the temperature of the pe- 
ripheral portion of the silicon wafer. It can be seen that 
the partition wall could effectively prevent the radiant 
light from scattering (FIG. 2B). The heating action car- 
io ried out solely by the lower radiant heating unit 6 result- 
ed in the overall silicon wafer having been heated be- 
cause of absence of the partition wall. It is understood 
that the temperature distributions shown in FIG. 2C are 
milder than those shown in FIG. 2A, and that the central 
portion of the silicon wafer was increased to high tem- 
peratures (FIG. 2C). 

Accordingly, it is understood that when heating is 
performed by combination of the inner radiant heating 
unit 4 and the outer radiant heating unit 5, combination 
of the outer radiant heating unit 5 and the lower radiant 
heating unit 6, or combination of the inner radiant heat- 
ing unit 4, the outer radiant heating unit 5 and the lower 
radiant heating unit 6, the article can be heated uniform- 
ly. 

Example 2: 
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A semiconductor silicon monocrystalline wafer hav- 
ing a diameter of 300 mm was actually heated using the 
radiant heating apparatus of the present invention 
shown in FIG. 1, and the temperature distribution was 
measured. 

In the test examples, a cylindrical partition wall 10 
that had a diameter of 1 90 mm and a height of 1 35 mm 
and had its surface mirror-finished and coated with gold 
was interposed between the inner radiant heating unit 
4 and the outer radiant heating unit 5 so as to face the 
main face of the silicon wafer. In this case, the distance 
between the lower edge of the partition wall 10 and the 
silicon wafer was 35 mm. 

Example 1: 

A heating operation of each single radiant heating 
unit was carried out, then a temperature distribution on 
the silicon wafer was measured. The results are shown 
in FIG. 2A-2C. FIG. 2A shows temperature distributions 
obtained as a result of the heating operation carried out 
solely by the inner radiant heating unit 4. FIG. 2B shows 
temperature distributions obtained as a result of the 
heating operation carried out solely by the outer radiant 
heating unit 5. FIG. 2C shows temperature distributions 
obtained as a result of the heating operation carried out 
solely by the lower radiant heating unit 6. 

As is apparent from the results, the heating action 
carried out solely by the inner radiant heating unit 4 
mainly increased the temperature of the central portion 
of the wafer. A temperature difference between the cen- 



A heating operation was then carried out by combi- 
nation of the outer radiant heating unit 5 and the lower 
30 radiant heating unit 6. The target temperature of the sil- 
icon wafer was set to 510 °C, and the power supplied 
to each of the outer radiant heating unit 5 and the lower 
radiant heating unit 6 was adjusted so as to uniformize 
the inplane temperature distribution of the wafer. The 
35 result is shown in FIG. 3. 

As is apparent from FIG. 3 : the temperature differ- 
ence between the central portion and peripheral portion 
of the wafer was eliminated by use of the radiant heating 
apparatus of the present invention, and that the silicon 
40 wafer could be heated while the inplane temperature 
distribution was maintained uniform. 

Comparative Example: 

45 The partition wall 10 was removed from the radiant 
heating apparatus shown in FIG. 1 , and the silicon wafer 
was heated solely by use of the outer radiant heating 
unit 5. The temperature distribution on a silicon wafer 
having a diameter of 300 mm was measured. The meas- 

50 urement result was provided in FIG. 4. 

As is apparent from FIG. 4, heating through sole use 
of the outer radiant heating unit 5 without the partition 
wall caused the radiant light to scatter to the central por- 
tion of the silicon wafer by reason of the absence of the 

5S partition wall, whereby the temperature of the central 
portion of the silicon wafer was increased to a high tem- 
perature. This temperature distribution is analogous to 
the temperature distribution which is shown in FIG. 2C 
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and was obtained as a result of heating the silicon wafer 
solely by use of the lower radiant heating unit 6. Even if 
combined with the inner radiant heating unit 4 and the 
lower radiant heating unit 6, the outer radiant heating 
unit 5 which provides the previously-described temper- 
ature distribution due to sole heating, cannot heat an 
article to be treated with a uniform temperature distribu- 
tion. 

The present invention is not limited to the above- 
described embodiment. The above-described embodi- 
ment is a mere example : and those having the substan- 
tially same structure as that described in the appended 
claims and providing the similar action and effects are 
included in the scope of the present invention. 

The foregoing embodiment has been described 
with reference to the case where an epitaxial layer is 
grown on the silicon monocrystalline wafer having a di- 
ameter of 300 mm. The present invention, however is 
not limited to such a case. Even when a silicon wafer 
having a diameter of 200 mm or more or 400 mm or more 
is subjected to heat treatment, the same action and ef- 
fects as those obtained in the aforementioned embodi- 
ment are obtained. Conversely, needless to say : even 
when the present invention is applied to a wafer having 
a diameter of 150 mm or less : the same advantageous 
effect is obtained. 

Further the article to be processed by the radiant 
heating apparatus and method of the present invention 
is not particularly limited. In addition to semiconductor 
silicon, various compound semiconductors, and syn- 
thetic quartz, oxide monocrystals and various magnetic 
materials can be subjected to heat treatment so long as 
the apparatus and/or method of the present invention is 
applicable to them. 

The heat treatment carried out on an article by the 
radiant heating apparatus and/or method of the present 
invention is not limited. Examples of the heat treatment 
include so-called annealing treatment hydrogen heat 
treatment, oxygen heat treatment, nitrogen heat treat- 
ment, and various kinds of heat treatment in device 
processing steps such as the step of dopant diffusion 
in addition to epitaxial growth and CVD growth process. 



Claims 

1. A radiant heating apparatus which uses a plurality 
of radiant heating units to heat an article to be treat- 
ed, characterized by comprising: 

a partition wall for separating radiant light 
emitted by each radiant heating unit from that emit- 
ted by the other radiant heating unit(s) so as to de- 
fine an area in which the article to be treated is heat- 
ed by each radiant heating unit. 

2. A radiant heating apparatus according to Claim 1 , 
characterized in that said partition wail is disposed 
between radiant heating units and extending to- 



wards the article to be treated. 

3. A radiant heating apparatus according to Claim 1 or 
2, characterized in that said partition wall is sepa- 

5 rated at a predetermined distance from the article 

to be treated, so that the temperature distribution in 
the article becomes uniform. 

4. A radiant heating apparatus according to any one 
10 of Claims 1 - 3, characterized in that the surface of 

said partition wall is mirror-finished. 

5. A radiant heating apparatus according to Claim 4 : 
characterized in that the surface of said partition 

is wall is coated with gold. 

6. A radiant heating apparatus according to any one 
of Claims 1 - 5, characterized in that said partition 
wall is disposed on the side corresponding to the 

20 main face of the article to be treated and/or the side 
corresponding to the reverse face of the article. 

7. A radiant heating method which uses at least an 
outer radiant heating unit and an inner radiant heat- 

25 jng unit located inside the outer radiant heating unit, 
characterized in that a peripheral portion of an arti- 
cle to be treated is mainly heated by said outer ra- 
diant heating unit, while a central portion of the ar- 
ticle is mainly heated by said internal radiant heat- 

30 jng unit, and radiation light emitted by each radiant 
heating unit is reflected by a partition wall so that 
the radiation light is separated from that emitted by 
the other radiant heating unit so as to define an area 
in which the article is heated by each radiant heating 

35 unit. 

8. A radiant heating method according to Claim 7, 
characterized in that the radiant intensities of the 
outer and inner heating units are controlled inde- 

40 pendently of each other. 

9. A radiant heating method according to Claim 7 or 
8, characterized in that the main face of the article 
to be treated is heated by said inner and outer ra- 

45 diant heating units disposed on the side corre- 
sponding to the main face of the article, while the 
reverse face of the article is heated by a lower ra- 
diant heating unit disposed on the side correspond- 
ing to the reverse face of the article. 

so 

10. A radiant heating method according to Claim 7 or 
8, characterized in that the main face of the article 
to be treated is heated by said outer radiant heating 
unit disposed on the side corresponding to the main 

55 face of the article, while the reverse face of the ar- 
ticle is heated by a lower radiant heating unit dis- 
posed on the side corresponding to reverse face of 
the article. 
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11. A radiant heating method according to any one of 
Claims 7 - 10, characterized in that the article to be 
treated is a silicon monocrystalline substrate, and a 
part of the reverse face and/or the side surface of 
the substrate is supported during treatment. $ 
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(54) Radiant heating apparatus and method 

(57) In a radiant heating apparatus, at least an outer 
radiant heating unit and an inner radiant heating unit lo- 
cated inside the outer radiant heating unit are disposed. 
A peripheral portion of an article to be treated is mainly 
heated by the outer radiant heating unit, while a central 
portion of the article is mainly heated by the internal ra- 
diant heating unit. A partition wall is disposed between 



the outer and inner radiant heating units. Radiation light 
emitted by each radiant heating unit is reflected by the 
partition wall so that the radiation light is separated from 
that emitted by the other radiant heating unit, whereby 
an area is defined in which the article is heated by each 
radiant heating unit. Accordingly, a larger article, partic- 
ularly a substrate-shaped article, can be heated uni- 
formly. 
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